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 为了研究水稻花粉发育的机理，，本文利用 60Co γ射线诱变的方法构建水稻
雄性不育突变体库，在回交后代中获得两个水稻隐性单基因控制的突变群体
Osms2 和 Osms3 。 
对 Osms2 进行组织切片观察发现, 在小孢子四分体以前小孢子及药室各层
壁都发育正常，但随后小孢子变形 降解不能发育成花粉粒. 而醋解实验也显示
在四分体时期小孢子外壁发育不正常，最后导致小孢子降解不能形成成熟的花粉
粒。 Osms2 与籼稻广陆矮杂交, 自交获得 F2代分离群体进行遗传定位. 通过遗
传定位方法, 首先将突变基因座位定位在水稻第 3 染色体 InDel 标记 OS302 和
SJ302 之间. 为了对 OsMS2 座位进行精细定位, 我们在 OS302 和 SJ302 之间发展
了6对有多态性InDel分子标记, 将该基因座位定位在CL6-4和 CL7-4之间, 距
离二者分别为 0.1 cM 和 0.04 cM, 物理距离为 100 kb 左右。分析这个范围共有






的花粉粒。为克隆编码 OsMS3 的基因，用 Osms3 与籼稻广陆矮 4 号杂交产生的
F2代群体，对OsMS3位点进行遗传定位，发现OsMS3与位于 9号染色体上的 Indel
分子标记 OS908 有一定的连锁关系。为了进一步定位 OsMS3 位点，我们在 9 号
染色体发展了 5 个新的 InDel 标记，将 OsMS3 位点精细定位在 CL908 与 CL912




















Genetic analysis and mapping of rice(Oryza sativa .L) 
male-sterile (Osms2 and Osms3 ) mutants 
Abstract 
To research the mechanism of pollen grains development ,two rice male-sterile 
mutants Osms2 and Osms3 of japonica cultivar 9522 background, were obtained from 
the M2 mutant pool mutagenized by 60Co γ-Ray. Genetic analysis indicated that the 
male-sterile phenotype was controlled by a single recessive gene.  
Results of tissue section showed that before tetrad stage Osms2 tapetum and 
microspores were similar with those of wild type, Then microspores degenerated. No 
matured pollens were observed in Osms2 anther locus. The acetolysis experiment 
showed that the exine of pollen grains was abnormal ,which resulting in the mutant 
phenotypes. To map OsMS2 locus, an F2 population was constructed from the cross 
between the Osms2 (japonica) and guangluai(indica). Firstly, the OsMS2 locus was 
roughly mapped between two InDel markers, OS302 and SJ302 on chromosome 3. 
And then six polymorphic markers were developed for further fine-mapping. At last 
the OsMS2 locus was mapped between the two InDel markers, CL6-4 and CL7-4 with 
genetic distance of 0.1 cM and 0.04CM, respectively. The region was delimited to 
about 100 kb. In this region, there are 13 predicted genes referring to TIGR database 
(http://www.tigr.org), in which a similar to MS2 gene was homologic to Arabidopsis 
male-sterile gene MS2. The result of sequence analysis showed a deletion of one 
nucleotide in the eighth exon, which resulted in shifed encode frame. All these results 
indicated the OsMS2 gene was just the candidate gene whose loss of fuction leading 
to the mutant phenotypes. 
Observation of tissue section showed that Osms3 microspore mother cells could 
undergo normal meiosis, and dyads and tetrads of microspores were generated. 
However, compared with the tapetum of wild type, the mutant tapetum became 















number of microspores and reduced starch accumulation in the abnormal late-stage 
pollen grains. To map the OsMS3 locus, a F2 population was constructed from a cross 
between the Osms3 (japonica) and GUANGLUAI (indica), and the OsMS3 locus was 
mapped between the two InDel markers, cl908 and cl912 with genetic distance of 0.3 
cM. The region delimited by these markers is about 300 kb. These results demonstrate 
that a critical gene for anther development and male fertility has been uncovered and 
provide a basis for molecular cloning and functional analysis of OsMS3. 
 
 
























































































    当花粉细胞仍包被在共同的和自己的胼胝质壁内时，这时期花粉细胞各自产
生了自己的纤维素壁层，称为原外壁（primexine）。随后，花粉细胞产生孢粉素，
沉积在原外壁上，形成了花粉外壁的基本结构样式。 
    当花粉细胞彼此互相分离后，细胞增大体积，随后进行一次不均等的细胞分
裂（也称花粉第一次有丝分裂，简称 PM I），产生一个大细胞和一个小细胞。大































         表皮                       表皮 
                            纤维层 
 
花药              壁细胞   中层         消失     花药壁 
                                        (花粉囊壁)  
       孢原细胞            容毡层   在花粉形成 
末期逐渐解体 
造孢细胞  增殖，生长  花粉母细胞 
减数分裂   花粉四分体       单孢花粉（小孢子 n）有丝分裂 
   二孢花粉   第二次有丝分裂（生殖细胞） 三孢花粉 
         营养细胞（n） 
                    精子(n) 
生殖细胞     
    精子(n) 
图 1，水稻花粉形成和发育过程 




































图 2 花粉发育过程分期图（Feng JH (冯九焕)et al ,2001） 
Fig.2  the stage of the pollen development 
A 、B、C 小孢子母细胞形成期  ；D 小孢子母细胞减数分裂细线期；               
E 二分体时期；F四分体时期；G小孢子早期；H小孢子中期；I小孢子晚期；J 二
胞花粉早期；K 二胞花粉晚期；L成熟花粉期 
Ta-绒毡层; Ml-中层 ; En-内层; Ep-药室内壁 ; Ms-花粉母细胞; Gc-生殖细胞; 





































胞数目增多等变化。生物信息学分析表明 MSP1 和 EMS1 蛋白有较大的同源性，
都是一种膜上的受体蛋白激酶[17]。Ye（2003）报道了拟南芥中的另一个基因 TPD1
（TAPETUM DETERMINANT1），TPD1 虽然编码蛋白和 EMS1 完全不同，它是一种小




信号途径中起作用。Kaneko 报道了水稻 GAMYB 基因，GAMYB 在减数分裂期间，花
粉母细胞和绒毡层细胞脱离，花粉母细胞不能正常减数分裂形成小孢子[18]。
EMS1，MSP1，TPD1，GAMYB，这四个基因的突变体表型都直接说明了绒毡层对花




























   花粉的发育过程中，花粉壁也起着很重要的作用。它是由花粉外壁（the 
outer exine layer）和花粉内壁（the inner intine layer）两部分组成。而
花粉外壁也分为两部分：外壁外层（sexine）和外壁内层（nexine）。外壁外层
成网状结构，主要由孢粉素组成，对花粉粒起保护作用。同时，外壁外层还含有





          图 3  花粉壁结构的模式图 
           Fig.3  the general pollen wall structure 






























丝分裂 I 期之前，小孢子没有淀粉的合成，经过有丝分裂 I 期之后淀粉开始富积。
但若淀粉的含量低于某一个阀值，花粉的发育就会提前终止，表现为花粉无活力。
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